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Abstract Cytology of 12 species in Aconitum L. and of 18 species in Delphinium L. of the tribe 
Delphineae (Ranunculaceae) from China have been investigated. Only A. crassiflorum is a tetra- 
ploid with the chromosome number of 2n = 32, and all the other Aconitum species studied are dip- 
loids with 2n = 16. In A. piepunense , up to six B-chromosomes were observed. All the Delphinium 
species are diploids with 2n = 16; their karyotypes are very similar among the species, and are dis- 
tinctly distinguishable from those of Aconitum species with respect to the chromosome size, chromo- 
some morphology and karyotype asymmetry. From a cytological view, Delphinium seems to be more 
advanced than Aconitum , as the karyotypes in Delphinium are more asymmetric than those in Aconi- 
tum. 
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The tribe Delphineae of the Ranunculaceae, which consists of three genera, i.e. Aconitum 
L., Delphinium L. and Consolida (DC.) S. F. Gray, is characterized by having the zygomorphic 
flower. The karyotypes in the three genera are all highly asymmetric and are regarded to be associat- 
ed with the highly specialized zygomorphic flower (Stebbins, 1971; Lewitsky, 1931). Hence inten- 
sive cytological research may be of some help for a better understanding of the gross-morphological 
evolution in this tribe. 

Although Consolida , which has the single spurred petal and the single carpel, is generally 
considered as the most advanced genus in the tribe and might have been directly derived from Del- 
phinium (Tamura, 1995), the relationship between Aconitum and Delphinium has long been a con- 
troversial matter. Most of the gross-morphological characters in the two genera seem to exhibit paral- 
lel evolution, so it is difficult to determine their phylogenetic relationships based on gross-morpho- 
logical characters . 

The chromosomes of the Chinese Aconitum species have been quite extensively studied (Yang, 
1996; Yang & Gong, 1995; Yang et al., 1994, 1993, 1989; Shang, 1985;Shang & Li, 1984), 
but those of the Chinese Delphinium species, up to more than 100 in number (Wang, 1979), are 
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poorly made in most standard references, excepting that the chromosomes of ten species were ob- 
served and reported by Liu and He (1999) , and Yang (1996) . 

This paper is to report the cytological observations on 12 Aconitum and 18 Delphinium species, 
all from China. 


1 Material and Methods 


All the plants studied were collected in the field from China, mostly from Yunnan, Sichuan 
and Qinghai (Table 1). They were cultivated in pots in the experimental garden of Kunming Insti- 
tute of Botany, the Chinese Academy of Sciences, before their root tips were harvested for the cyto- 
logical study. Actively growing root tips were pretreated in 0.1% colchicine at about 20°C for three 
hr before they were fixed in Camoy I (glacial acetic acid: absolute ethanol = 1 :3) at 4C. for 30 
min, then they were macerated in 1:1 mixture of 1 mol/L hydrochloric acid and 45% acetic acid at 
60% for two min, and stained and squashed in 1% aceto-orcein. 

The symbols used to describe the karyotypes followed Levan et al . (1964). 

The voucher specimens were deposited in the Herbarium of Institute of Botany, the Chinese 
Academy of Sciences (РЕ). 


2 Results 


2.1 Aconitum L. 

Twelve species in this genus were studied. Only A. crassiflorum was a tetraploid with the 
chromosome number of 2n= 32 (Fig. 8), all the other species were diploids with 2n = 16 (Figs. 
1~7; Figs. 9~ 18). 

Four taxa studied, i.e. А. scaposum, А. crassiflorum, А. sinomontanum and А. barbar- 
tum var. hispidum, which all have perennial rhizomes, are members of Aconitum subgen. Lycocto- 
num. The karyotypes of the three diploid species were very similar (Fig. 7; Figs. 9 ~ 10). The 
first two chromosome pairs were obviously larger than the remaining ones, one pair being median- 
centromeric (m) and the other submedian-centromeric (sm). The third to seventh chromosome pairs 
were moderately large, the fifth pair being submedian-centromeric , and the other four pairs subter- 
minal-centromeric (st). The eighth chromosome pair was obviously smaller and submedian-centro- 
meric. In A. sinomontanum and А. barbatum var. hispidum, one or two satellites were observed 
on the short arms of the eighth chromosome pair (Figs. 9 ~ 10). 

The karyotype of the tetraploid species, А. crassiflorum (Fig. 8), was quite different from 
those of the diploid ones. Those smaller chromosomes (the fifth to 16th pairs) in this tetraploid spe- 
cies were mostly median- or submedian-centromeric rather than subterminal-centromeric as in the 
diploid species . 

Eight species studied, i. e. А. tanguticum, А. hemsleyanum , A. delavayi, A. fengii, 
A. piepunense , A. liljestrandii, А. tongolense and А. legendrei , which all have biennial tubers, 
are members of Aconitum subgen. Aconitum . They were all diploids with the chromosome number of 
2п = 16 (Figs. 3~ 6; Figs. 11 ~ 18). Their karyotypes (Figs. 11 ~ 18) were very similar to each 
other. The first two chromosome pairs were obviously larger than the remaining ones, one pair being 
median-centromeric, and the other submedian-centromeric. The third to seventh chromosome pairs 
were moderately large, and are mostly median- or submedian-centromeric. The eighth chromosome 
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Table 1 Source of material studied and chromosome counts 
Taxon Provenance Voucher 2n 
Aconitum L. 
Subgen. Lycoctonum (DC. )Peterm. 
А. scaposum Franch. Huadianba, Cangshan Mt. , 
Dali, Yunnan Q. E. Yang 94-20 16 
А. crassiflorum Hand. -Mazz Gaoertushan Mt., Yajiang, Sichuan Y.B. Luo 95 32 
A. sinomontanum Nakai Mengda, Xunhua, Qinghai Q. E. Yang 95-07 16 
A. barbatum var. hispidum DC Majiagou, Jishan, Shanxi Y.B. Luo 09 16 
Subgen. Aconitum 
А. tanguticum (Maxim. ) Stapf Yakou, Datong, Qinghai Q. E. Yang 95-30 16 
A. hemsleyanum Pritz. Lidiping, Weixi, Yunnan Q.E. Yang & H.Z. 98-457 16 
А. delavayi Franch. Xiaohuadianba, ‘Cangshan Mt., Dali, Kong 
Yunnan ЈЕ. Yang 94-04 16 
A. fengii W. T. Wang Kena, Weixi, Yunnan ЈЕ: Yang & H. Z. Kong 98-199 16 
A. piepunense Hand. -Mazz Bisanggu, Zhongdian, Yunnan Q.E. Yang & H.Z. Kong 98-229 |16 + 0 – 68 
А. liljestrandii Hand. -Mazz Gaoertushan Mt., Yajiang, Sichuan | Y.B. Luo 93 16 
A. tongolense Ulbr Zhegushan Mt. , Lixian, Sichuan Y.B. Luo 59 16 
А. legendrei Hand. -Mazz Shimian, Sichuan Q. E. Yang 93-02 16 
Delphinium L. 
Subgen. Delphinastrum 
(DC.)W. T. Wang 
Sect. Aconitoides W. T. Wang 
D. forrestii Diels Hongshan Mt. , Zhongdian, Yunnan | Q. E. Yang & H.Z. Kong 98-324 16 
D. oxycentrun W. T. Wang Hongshan Mt. , Zhongdian, Yunnan Q. E. Yang & H.Z. Kong 98-329 16 
D. trichophorum Franch Qiakerixiang, Zékog, Qinghai Q. E. Yang 95-21 16 
Sect. Elatopsis Huth 
D. kansuense W. T. Wang Xiazheng Temple, Pingan, Qinghai Q.E. Yang 95-23 16 
D. smithianum Hand.-Mazz. Hongshan Mt. , Zhongdian, Yunnan Q.E. Yang & H.Z. Kong 98-325 16 
D. pylzowii Maxim. Yakou, Datong, Qinghai Q. E. Yang 95-31 16 
Sect. Pogonanthum W. T. Wang 
D. delavayi Franch. 
var. delavayi Yulongshan Mt. , Lijiang, Yunnan Q. E. Yang 94-137 16 
var. pogonanthum 
(Hand. -Mazz. )W.T. Wang Bitahai, Zhongdian, Yunnan Q. E. Yang 94-93 16 
D. umbrosum Hand-Mazz. Kena, Weixi, Yunnan Q.E. Yang & H.Z. Kong 98-184 16 
D. bonvalotii Franch. 917 Forestry Station, Muli, Sichuan Q. E. Yang 93-22 16 
D. spirocentrum Hand. -Mazz. Huadianba, Cangshan Mt. ọ, Dali, 
Yunnan . E. Yang 94-19 16 
D. bulleyanum. Forrest ex Diels Bitahai, Zhongdian, Yunnan ЈЕ: Yang 94-94 16 
Sect. Delphinastrum 
D. ceratophorum Franch. Lidiping, Weixi, Yunnan Q.E. Yang 94-72 16 
D. ита Lévl. Bitahai, Zhongdian, Yunnan Q. E. Yang & H.Z. Kong 98-159 16 
D. yunnanense Franch. Xishan, Kunming, Yunnan Q. E. Yang 94-61 16 
D. coleopodum. Hand.-Mazz. Yulongshan Mt. , Lijiang, Yunnan Q. E. Yang 94-116 16 
D. likiangense Franch. Tuguancun, Zhongdian, Yunnan Q.E. Yang & H.Z. Kong 98-526 16 
D. grandiflorum L. Miyaluo, Lixian, Sichuan Y.B. Luo 61 16 
D. beesianum W. W. Smith Napahai, Zhongdian, Yunnan Q. E. Yang 94-89 16 


pair was obviously smaller and submedian-centromeric. One or two satellites were observed on the 
short arms of the eighth chromosome pair in A. tanguticum (Fig. 11), of the fifth pair in A. 
hemsleyanum (Fig. 12) and in A. fengii (Fig. 14), of the seventh pair in A. delavayi (Fig. 
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13), and of the fourth pair їп A. piepunense (Fig. 15), respectively. 

In A. piepunense , up to 6 B-chromosomes were observed (Fig. 4; Fig. 15), but in some 
cells only three or even no B-chromosomes were found. The number of B-chromosomes seemed to be 
unstable not only within the population but also in the roots of the same individual, just as in the 
case of А. tuguancunense (Yang, 1995). A more detailed observation on the B-chromosomes in 
this species is needed. 

2.2 Delphinium L. 

The 18 species studied were all found to be diploids with the chromosome number of 2n = 16 
(Figs. 19 ~ 45). Their karyotypes were also very similar to each other (Figs. 27 ~ 45). The first 
two chromosome pairs were obviously larger than the remaining ones, one pair being median-centro- 
meric and the other submedian-centromeric. The third to seventh chromosome pairs were moderately 
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Figs. 1~6 Photomicrographs of chromosomes in six species of Aconitum 1. А. scaposum; 2. А. sinomontanum ; 
3. A. tanguticum; 4. А. piepunense; 5. A. liljestrandii; 6. A. tongolense (all x 1940). 
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Figs. 7 ~ 12 — Karyotypes in six species of Aconitum 7. А. scaposum; 8. А. crassiflorum; 9. si 
10. A. barbatum var. hispidum; 11.А. tanguticum; 12. A. hemsleyanum (all x 1940). 
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Бра.13 ~ 18 — Karyotypes in six species of Aconitum 13. А. delavayi; 14. А. fengi; 15. A. piepunense; 
16. A. liljestrandii; 17. A. tongolense(all x 1940); 18. А. legendrei( x 2600). 
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Figs. 19~26 Photomicrographs of chromosomes in eight taxa of Delphinium 19. D. forrestii; 20. D. oxycentrum; 
21. D. delavayi var. pogonanthum; 22. D . бото; 23. D. bulleyamun; 24. D. ceratophorum ; 
25. D. smithianum; 26. D. tenii (all x 1940). 
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Fig. 27-38 Хапудуре in seven ша of Delphinium 27. D. fortis 28. D. oxyoentrum; 29. D. trichaphorums 
У kansuense; ЗІ. D. smithionum; 32. D. pbzowi; 33. D. delavayi (all x 1940). 
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Figs. 34 ~ 39 Кагуоіурез in six taxa of Delphinium 34. D. delavayi var. pogonanthum; 35. D. umbrosum; 
36. D. bonwaloi; 37. D. spirocentrum; 38. D. bulleyanum; 39. D. ceratophorum (all x 1940). 
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Figs. 40-45 Karyotypes in six species of Delphinium 40. D. tenü; 41. D. yunnanense; 42. D. coleopodumi 
43. D. likiangense; 44. D. grandiflorum; 45. D. beesianum (all x 1940). 
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large and commonly subterminal-centromeric. The eighth pair was obviously smaller and submedian- 
centromeric or occasionally subterminal-centromeric . 

One or two small satellites were observed on the short arms of the first chromosome pair in D. 
oxycentrum. (Fig. 28), D. trichophorum (Fig. 29), D . kansuense (Fig. 30), D. plyzowii 
(Fig. 32) and D. bonvalotii (Fig. 36), of the sixth pair in D. trichophorum (Fig. 29), of the 
fourth pair in D. smithianumi (Fig. 31), of the seventh pair in D. delavayi (Fig. 33) and D. 
bulleyanum (Fig. 38), of the eighth pair in D. delavayi var. pogonanthum (Fig. 34) and D. 
spirocentrum (Fig. 37), and of the fifth pair in D. tenü (Fig. 40), respectively. 
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3 Discussion 
3.1 Polyploidy in Aconitum subgen. Lycoctonum 

Lewis (1980), and Tamura (1995) pointed out that in Aconitum subgen. Lycoctonum all the 
species are diploids, but in fact, as shown by the present results and those previously reported 
(Yang, 1996; Yang et al., 1994), at least four taxa in this subgenus, i. e. А. brevicalcaratum 
and its variety А. brevicalcaratum var. parviflorum, A. crassiflorum and А. sinomontanum var. 
angustius are tetraploids, and in A. sinomontanum , a tetraploid cytotype has also been reported 
from Jinfoshan Mt. , Sichuan (Shang & Li, 1984). A . brevicalcaratum and A. crassiflorum are 
two species of special interest in the cytotaxonomy of this subgenus. Both of them are distributed in 
NW Yunnan and SW Sichuan, and are very similar to each other in external morphology (Yang, 
1999). Lauener and Tamura (1978) , and Tamura (1995) put them in two relatively distant series. 
In my opinion, these two species are very closely related to each other. 
3.2 High similarity of karyotypes in the genus Delphinium 

According to Kurita (1957), the karyotypes in Delphinium fall into two different basic types on 
the basis of the morphology of the second and the third chromosome pairs ( Delphinium ajacis , which 
has another basic karyotype as reported by Kurita, is actually a species belonging to the genus Con- 
solida). Blanché (1990), and Blanché et al. (1997, 1991) also considered that there exist obvi- 
ous differences of karyotypes between subgen. Delphinastrum and subgen. Delphinium and pointed 
out that the karyotypes in the former subgenus are characterized by having a higher proportion of 
metacentric and/or submetacentric chromosomes, while those in the latter subgenus are characterized 
by having a higher proportion of acrocentric and/or telocentric chromosomes. The present results 
have shown that the karyotypes of the 18 species studied, which are representatives from different 
sections of the subgen. Delphinastrum , are very similar among the species with respect to the chro- 
mosome size and chromosome morphology if putting the number and position of satellites out of con- 
sideration, and have the same proportion of acrocentric and/or telocentric chromosomes as those of 
the subgen. Delphinium. Three species studied here, D. forrestii, D. oxycentrum and D. 
trichophorum , belong to sect. Aconitoides, a morphologically most primitive group in Delphinium , 
but their karyotypes show no any essential differences from those of the relatively advanced species, 
such as D. grandiflorum and D. beesianum. The karyotype of D. pentagynum reported by 
Blanché( 1990), a species of subgen. Delphinastrum , in which the fifth and seventh chromosome 
pairs were shown to be median-centromeric, is quite different from the karyotypes of the species in 
this subgenus here reported. Therefore the karyotype of D. pentagynum needs a re-examination. 
The karyotype of 2n = 8m + 6sm reported by Yang and Wu (1993) for D. candelabrum var. mo- 
nanthum (Hand. -Mazz.) W. T. Wang can be safely regarded as a mistake caused by misidentifica- 
tion of material. It is not likely that there is such a symmetric karyotype in the genus Delphinium . 

In chromosome size, all the 18 species studied have also not shown distinct difference from 
each other, although Al-Kelidar and Richards (1981) reported that there exist some differences in 
chromosome size among some species in this genus and pointed out that species with smaller mean 
chromosome length can be considered to be karyologically derivative. 
3.3 Karyotypic differences between Aconitum and Delphinium 

The karyotypes of the diploid species of Aconitum subgen. Lycoctonum are obviously different 
from those of the diploid species of Aconitum subgen. Aconitum not only in chromosome size but al- 
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so in chromosome morphology, as has been reiterated by Yang (1996), Yang et al. (1994, 
1993), Shang & Li (1984) and Schafer & La Cour (1934), although the karyotypes of the tetra- 
ploid species in subgen. Lycoctonum have greatly obscured such differences. Nevertheless, the 
karyotypes of Delphinium are readily distinguishable from those of subgen. Lycoctonum and subgen. 
Aconitum as well. Although the karyotypes of Delphinium and Aconitum subgen. Lycoctonum аге 
very similar with respect to the chromosome composition, which is characterized by having a higher 
proportion of subterminal-centromeric chromosomes, the chromosomes of Delphinium are obviously 
smaller than those of Aconitum subgen. Lycoctonum. On the contrary, although the karyotypes of 
Delphinium are similar to those of Aconitum subgen. Aconitum in the chromosome size, they are 
different from each other in chromosome composition, which can be seen from the fact that the third 
to the seventh chromosome pairs in Delphinium are all subterminal-centromeric, while the 
counterparts in Aconitum subgen. Aconitum are mostly median-centromeric or median-centromeric . 
The karyotypes of Delphinium, with a higher proportion of subterminal-centromeric chromosomes, 
have a higher intrachromosomal asymmetry than those of Aconitum. From the chromosomal data, 
therefore, the genus Delphinium may be more advanced than the genus Aconitum . The karyotypic 
evolutionary trend in the tribe Delphineae seems to be in accordance with that in the whole Ranun- 
culaceae, that is, toward increasing asymmetry of the karyotype. 
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